We propose a unified theory of nuclear level densities, encompassing both spherical and deformed nu-clei, using the static-path approximation.
Important problems remain in the theory of nuclear level densities after more than 50 years of study. On a practical level, low-energy nuclear reactions depend crucially on the level densities. In situations where the levels cannot be measured directly, for example in r-process nucleosynthesis, one relies on extrapolated level densities to calculate the cross sections. ' The theory of level densities is usually based on the Fermi-gas model, which ignores important degrees of freedom. For example, the role of deformation degrees of freedom has never been satisfactorily incorporated in the theory of level densities. There may be orders-ofmagnitude difference in level densities between spherical and deformed nuclei, which was noted by Bjdrnholm, Bohr, and Mottelson, and included in a numerical study by Dressing and Jensen. Small-amplitude shape fluctuations also have an important effect. Here there are two quite different approaches to the level density. In the Landau theory of Fermi liquids there is a parameter, the effective mass of the nucleon at the Fermi surface, which becomes modified by coupling to vibrations. The effective mass increases because of the coupling, which results in a higher level density.
One can also derive an effect from finite-temperature perturbation theory. This gives separate, nonfermionic contributions to the partition function, which, however, also cause the level density to increase.
The pairing degree of freedom, which significantly changes the low-lying spectrum, is usually treated in an ad hoc fashion by an energy shift in the Fermi-gas formula for the level density. ' The finite-temperature perturbation theory starts with the Hartree-Fock theory as the initial approximation. This theory has well known shortcomings in that it does not treat fluctuations adequately. Fluctuations are especially important in the transition between spherical and deformed nuclei, and we expect that they are important in any nucleus at a high excitation energy. The Hartree-Fock theory predicts a sharp transition from deformed to spherical nuclei as the temperature is increased at angular momentum zero; in reality, the mean square deformation may not significantly change when fluctuations are included. ' This missing fluctuation physics is not well described by the small-amplitude effects which perturbation theory deals with. In this work, we investigate a quite different way to go beyond the finite-temperature
Hartree theory, which we hope will treat fluctuations better. This is the static-path approximation to the path-integral representation of the partition function, defined in Refs. 8 and 9. We believe that the method will be computationally tractable, and it might enable one to formulate expectation values at a finite temperature when the quantities depend on deformation.
The level density is obtained as the Laplace transform of the nuclear partition function. ' The density may be obtained with respect to any additive quantum number.
For a specified energy E, particle number N, and a cornponent M of the angular momentum vector, the level density is obtained from the grand partition function (2) where Q"=f(r)Yq" is the quadrupole operator and P is the pair-creation operator. The single-particle Hamiltonian Ho is assumed to be rotationally invariant and may include the spin-orbit interaction. The two-body interaction in (2) can be expressed as a negative definite quadratic form in the Hermitian operators Qp, (Q+ g, ') , i(g, -g, ') , (Q, +Qf) , i(g, -Qf), (P'+P), and i(P P) In the path-integra-l for.mulation, the partition function is written as an integral over seven auxiliary fields, cr", g, and (*. In the static-path approx-imation to Z, the fields become simple integration variables, (9) The intrinsic coordinate system is labeled (1,2,3) and the spherical harmonics and the angular momentum operator are given with respect to this system.
The integrand of (8) We specialize to a half-filled shell, l= -G/2; (N) =0
and E =h, . In the low-temperature limit the energy becomes E=-tl ill Z +AN= 4 GQ -2 T.
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Mathematically, the last term arises from the fact that the integrand in Eq. (3) Fig. 1 we show the energy as a function of temperature, and in Fig. 2 Support for this work was provided by the National
